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==========================

Intracerebral hemorrhage (ICH) is the second most common cause of stroke and accounts for 7.5%--30% of all strokes.\[[@ref1][@ref2]\] The incidence of ICH is increasing over the years,\[[@ref3]\] and ICH remains the most dreadful among stroke subtypes with a 30-day mortality of 40%--50%\[[@ref4]\] and half of these deaths occurring in the first 2 days.\[[@ref5][@ref6]\] Only 12%--39% of symptomatic ICH (SICH) patients achieve functional independence at the end of 6 months.\[[@ref7]\] Incidence of hemorrhagic stroke in India is higher in comparison to the western population,\[[@ref8]\] and the population at risk is younger compared to the western developed world. Considering the poor long-term outcome for SICH patients, an effective prognosticating scale is important to optimize the management plan for careful use of available resources, especially in developing countries like India.\[[@ref9]\] The ICH score remains one of the most widely used scoring systems\[[@ref10]\] in prognosticating the disease at the time of admission but has its own limitations. In developing countries like India which exhibit a different demographic profile, the ICH score is not an ideal tool for prognostication. The purpose of this study was to validate the ICH score for the Indian population and suggest modifications for better prediction of mortality and morbidity.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

This study was conducted at Kasturba Medical College Hospital, a premier tertiary care referral hospital of the Manipal University located in Manipal, Udupi district of Karnataka, India, catering to the local population of nearly one million from February 2016 to May 2016. All patients with a computed tomography (CT) evidence of spontaneous ICH above the age of 18 years were included in this study. Hematoma volume was calculated by the (axbxc)/2 method on plain CT scans, and hematoma expansion was defined as any increase in volume in the follow-up scan or at patient deterioration. Patients with coagulation abnormalities, aneurysmal hematomas, and vascular malformations were excluded from the study. The study group thus comprised 215 patients with hypertensive spontaneous ICH in a period of 15 months. Outcome was measured using the modified Rankin Scale (mRS). Statistical analysis was done using SPSS version 23 (IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp).

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The mean age of patients in this study was 57.64 years with a range of 24--89 years, and 73.5% of patients in this study were males. A history of hypertension was available in only half (50%) of our patients \[[Table 1](#T1){ref-type="table"}\]. The mean blood glucose values on admission in the entire cohort were 160.25 mg/dl (42--407 mg/dl). The distribution of the 186 (86.5%) patients with supratentorial hematoma was as follows: basal ganglia (110), thalamus (36), and lobar (31). Of the 29 patients with infratentorial hematomas, 20 had cerebellar bleeds and 9 had brain stem hematomas \[[Table 2](#T2){ref-type="table"}\]. Intraventricular extension of the hematoma was seen in 80 (37.2%) in which 37 (46%) succumbed to the illness at the end of 3 months (*P* = 0.001). Hydrocephalus developed in 68 patients (31.6%). An external ventricular drain was placed in 21 of these patients of whom 13 patients (62%) succumbed (*P* = 0.002).

###### 

Results of 215 patients with hypertensive intracranial hemorrhage (*n*=215)
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Radiological characteristics
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The mean hematoma volume was 24.50 ml with standard deviation (SD) of 17.98 and range of 5--110 ml. We dichotomized this cohort of supratentorial bleed into two groups of volume \<30 ml and \>30 ml with 122 and 61 cases, respectively. Mann--Whitney U test showed statistical significance in hematoma volume and mortality with a mean rank of 140.66 ml for dead patients and 90.37 for alive patients with *P* ≤ 0.001. Receiver operating characteristic (ROC) curve plotted for supratentorial hematoma volume in dead patients showed a 77.6% area under the curve with *P* \< 0.001. The mean volume of infratentorial hematomas was 10.1 ml (2 ml to 20 ml) with a SD of 5.75 ml. Infratentorial hematoma volume had no correlation with mortality (*P* = 0.78). Thirteen patients had hematoma expansion documented by CT scans. This, however, did not influence the outcome (*P* = 1.227).

Surgery was offered to all patients with a supratentorial clot volume \>30 ml, cerebellar clot volume \>3 cm, age \<70 years, Glasgow Coma Scale (GCS) \>8, and presentation within 48 h of ictus. A total of 37 patients in this study (17.2%) underwent surgical evacuation of hematoma. Surgery involved craniotomy and evacuation of the hemorrhage through a corticectomy placed in the middle frontal gyrus in front of the coronal suture. Cerebellar hematomas were drained following a suboccipital craniectomy. The mean volume of the supratentorial clots was 42.29 ± 16.48 ml. Surgical mortality at discharge was 6/37 (16.2%) and at 3 months was 16/37 (43%). Wilcoxon signed-rank test showed no significance in the change in mRS for the surgical group (*P* = 0.175). While 14 patients had an improvement in mRS at 3 months, 9 patients had a deterioration of mRS and 11 patients remained the same. Cross-tabulation of surgery versus mortality also failed to show any improvement in mortality rates following surgery.

A total of 69 patients (32.15%) in this cohort succumbed to the illness. While 28 patients (13%) died in the hospital, 38 patients (17.7%) died within 3 months of ictus and 3 patients (1.4%) died within 6 months of ictus. Of the surviving patients, 65 (30.2%) had an mRS ≤3 on discharge. At the end of 3 months, many patients had improved and 109 patients had an mRS \<3 at the end of 3 months. Similarly, of the 122 patients with mRS of 4 and 5 on nearly 98 improved and at the end of 3 months, only 24 patients were left with an mRS of \>4. Wilcoxon signed-rank test showed a statistical significance in the improvement of mRS at 3 months (*P* \< 0.001).

ICH score was computed for all patients at admission. Forty-one patients were categorized as score 0, 80 as score 1, 45 as score 2, 35 as score 3, and 14 as score 4. Mortality rates were then combined to validate the ICH score. Mortality rates were 5%, 16%, 33%, 54%, and 93% in comparison to 0%, 13%, 26%, 72%, 94%, and 100% for scores of 0, 1, 2, 3, 4, and 5.

After adjusting the age factor in the original ICH score, 34 patients had a score of 0, 68 with score of 1, 53 with score of 2, 39 with score of 3, 16 with score of 4, and 5 with score of 5. Mortality rates with the new score were 6%, 15%, 25%, 51%, 75%, and 100%, respectively \[[Table 3](#T3){ref-type="table"}\]. ROC curve for the new modified SICH score was 78.4% with *P* ≤ 0.001 \[[Figure 1](#F1){ref-type="fig"}\].
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Comparing morality data with the original and our intracerebral hemorrhage scores
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The original ICH score designed by Hemphill *et al*. in 2001 is one of the most widely used scoring systems which has been validated by multiple external studies.\[[@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18]\] The ICH score, however, fails to account for prebleed cognitive impairment. Few other drawbacks of the ICH score are its poor ability to predict functional outcome and failure to incorporate the NIHSS score which is a better predictor of outcome than GCS. The ICH score has evolved with the development of the modified ICH\[[@ref15]\] score and mICH score A and B.\[[@ref19]\] Both these scores are more complicated and difficult to apply in an emergency setting. Moreover, they offer only minimal or no advantage over the original ICH score in predicting mortality at 30 days. Other scores to predict functional outcome such as the ICH-grading scale score,\[[@ref9]\] FUNC score,\[[@ref20]\] the new ICH score,\[[@ref15]\] the Essen score,\[[@ref21]\] simplified ICH score,\[[@ref22]\] and the mICH score\[[@ref23]\] too have not become popular among neurologists.

The ICH score has been validated in North American, European, and Asian population but is yet to be validated in an Indian context.\[[@ref11][@ref16][@ref17][@ref24]\] The pattern and demography of SICH in India is different from the western world. The incidence of ICH is predominantly in the younger age group in comparison to the western population where the mean age was 70--79 years.\[[@ref10][@ref11][@ref25]\] Most of the available studies from India report mean ages of 50--58 years.\[[@ref26][@ref27][@ref28][@ref29]\] Hypertensive ICH in India occurs 15--20 years earlier than their counterparts in the west. This can be attributed to the poor detection of hypertension in this younger population and use of irregular medications. Only 7 patients out of 215 (3.25%) were above the age of 80 in this group. The 2016 WHO report states that the average life expectancy of an Indian at birth is 68.3 years, and at 60 years, it is 17.9. Thus, most of our population fail to live beyond the age of 80 which is one of the cutoff criteria for the existing ICH scoring system. This was evident from our observation that none of the patients in this study group had a SICH score of 5.

We had 45 patients in the 70--79 years\' age group and only 7 patients above the age of 80. Replacing the cutoff criteria of 80 years with 70 years, we observed that patients below 70 years had significantly lesser mortality rates (29%) compared to those above 70 years (42%). As the number of patients in the 71--80-year category was few, the mortality rate remained unchanged by reducing the cutoff age from 80 to 70 years. ROC curve for age \>60 was only 41%, while for \>70 years, it was 61%. Thus, we reduced the age criteria of the ICH score from 80 years to 70 years to accommodate for this differential occurrence of disease in the fourth-fifth decade.

With the new score, mortality rates in score 3 and 4 were ≈20% lesser than the original ICH data \[[Table 3](#T3){ref-type="table"}\]. We attribute this to better survival of younger patients and improvement of ICU and rehabilitation facilities in the 15 years that have passed since the development of ICH score. Validating the score helps us give better prognosis to patients with SICH score of 3 and 4, where aggressive treatment can help them survive and lead a meaningful life at the end of 1 year. We also calculated mortality based on 3-month mortality data instead of the 30-day endpoint, as extremely sick patients with mRS 5, when discharged succumb to the illness due to lack of airway care and infections within the first 3 months. Patients, who survive the first 3 months, improve thereafter and make good neurological recovery over time. Patients with mRS \>3 had poor outcome mostly progressing to moribund conditions or death in this study, while patients with mRS of 1--3 make good functional recovery. Good prognosis can be offered to patients with SICH score of \<3 in view of maximum mortality rates of 51%, with the new SICH score \[[Table 4](#T4){ref-type="table"}\].
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The original intracerebral hemorrhage score with our proposed modification (rICH)
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As described in earlier series, a GCS score of \<8, clot volume of \>30 ml, intraventricular extension of hematoma, an admission blood glucose of \>140 mg/dl on admission, occurrence of hydrocephalus, and requirement of an external ventricular drainage were all significant risk factors to predict mortality in this study group \[[Table 5](#T5){ref-type="table"}\]. Modifying the other parameters of the ICH score such as GCS, volume of hematoma, infratentorial origin of hematoma, and intraventricular extension did not seem to change the outcome prognostication.

###### 

Significant factors affecting mortality in this study
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This new scoring system is essentially aimed at optimizing and rationalizing medical facilities in a resource-constrained society like India. SICH patients in the 70--80-year group would now be assigned one extra point (unlike the existing scoring system) which would upgrade their overall SICH score, thereby worsening their prognosis. This would help medical caregiver and the family to optimize and tailor their resources knowing the ultimate prognosis. Indirectly, this would result in preferential allocation of resources to those with younger age and lower SICH score who constitute the majority of our patients.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The demographics of SICH in the Indian subcontinent are different from that observed in the western population. The ICH score has not been validated for an Indian population and in its current form doesn\'t ideally prognosticate outcome. We believe that a minor modification in the age component of the ICH score would suit the younger onset of disease in our country.
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